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ON THE SHEAR STRENGTH OF SKIN-STIFFENER PANELS
WITH INSPECTIOM CUT-OUTS
By Paul Kuhn snd Simon H. Diskin

SUI'MARY

Strength tests end strain meassurements were made of
19 long shesr nenels wlith rectengular Inspection cut-outs;
that 1s, cut-outs obtalned by removing the sheet between
two edjacent stringers wltlout cutting sy stringer. The
test results indiceted theit the stre:zs concentration
exlsting et low stresses tends to diseppear £t very high
strosses and thet the essumntien of urnliform stress dilstri-
bution leeds to a satlsfactcocry ccrrzletion of the test
results. 3Stiffening cf tie shiet bay containlng the cut-
out was found to have oracticslly no effect o: the nanel
strenrth. HRelnfcrcing the bey contalrninsg the cut-out by
means of doubler olates rslssd the strencth of the »nanel,
but the =fficilency of the ucublsr pletes varled widely
end wes low In ell cases.

INTRODUCTION

The slmnlest ty»e of cut-out in a stlffened shell 1s
the type 1n which the sxin between two adjeceat stringers
1s removed for some distance along the stringers to form
& rectenguler opening. The only tyve of loeding of
importance for such cut-outs 1s that producing sheer,
because norm&l strescses in the plans of the panel are
sbsorbed mainly by the- stringer-rib eystsm. The shesr
stross carried by the criticel cheat bey (the bsy containing
the cut-out) thecreticslly reaches its maximum at the end
of the cut-out end decreases rapidly with incrzasing distance
from the cut-out. If suitseble slmpliifyling essumptlions are
mada, tha strascs concentretion ceussd by the cut-out mey
be caiculeated by a simnle formule darived from ths shear-
lag .theory (reference 1), which hLas bean verifiled
exverimenteally (refsrcnes 2) in ths slestic renge for
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sheet not subjected to sheer bucklling. At the high
stresses encountered Just before the ultimate load 1s
reached, buckling as wsll as ylelding usually occurs in
the sheat. Under these condlitions, the formula raguiras
modlilicacicn thet must be basad on addltlionel =simplifying
assumptions 10 thewsnelyslis is to remaln sinple. For
thase £nd other reasons (see reference 1), the &ccuracy
of the modified theory as enplied to tne calculstion of
the ultimste loed 1s doudbtful, snd the explioratory tests
of refererce 1 were too limlted in scozc to allow definite
concluslone to be mads.

The present investligcatlon wes undertsasken in order
to obtein additicnal Irforretion cn the prcblem of how
to calculate the ultlimets stranzth erd, ilncldentelily,
to obtaln rfome nreliminary couciuvsions cn the etffectiveness
of verlous tynes of relnforcemsnts.

¥S MD IEST PRCCEDURE

ir)

TEST SPECTI:”

Cut-out panels.- Tests ware mada Iin the Lengley
Structuras Res2arch Laberstecry of 19 skin-stilffener
penels wlth cut-outs. Two basic types of test nansl
were used. (Sze fiz. 1.) BEech osnel consisted o a long
narro¥ shset of 2L3-7 eluminum alloy with & rectongular
cut-out in the centar. The cut-out wez bounded by
lorgitudinal stringsrs of elthsr stoel cr 2L3-T eluminum
glloy. (See table 1l.) Trarsvarze ribs slso were nrovidasd
tc furnish the tresnsverss reactlons necessury to pernlt
the develoonaent ol' disgonel tension. Penels of tyes 1
were sllightliy lonper then thcse of ty.: 2 snd hed stringers
as well &s transverss ribs on both sides ot the sheet;
peneis cf tyss 2 had stringers on one side and ribs on
the othur side. Detsllzd dimensions or thse individual
panels arse glven in teble 1, Ths nst cross-cectlonel
arsga listed in thls tgbls 1ls ths nroduct of sheet
thiciness esnd lonuth of n:t section, which wes te«en as
panel length minus cut-cut 1l:i:nzth minus ths sum of tho
di emeters of the rivet holes aion# the striuscr.

Alditions mede to the besic varsls irn attemobte to
Incroase ths strongth ware of two tymes., The Tirst tyore
merely stiffened the criticel shest bay clther by very
closaly spscad transverse englss (fig. 2(e)), by a
stiffenar plste (fic. 2(b)), or by &an euxilisry stringer
(fig. 2(c)). Tha second tyoe relnforced the critical
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bay either by small individual doubler plates (fig. 2(4))
- or-by-a-lsrge doubler plate surrounding the cut-out

(fig. 2(e)). It should be noted that the stiffénsr plate
indiceated in figurse 2(b)) did not extend beneath the
stringers, whereas the doubler plate Indicated in

figure 2(d4d) did.

The stringers were attached with.l-inch rivets

8
pltched & inch. On the penels with short cut-outs or

without cut-out (panels 7, 8, amd 9), doubler plates

were used over the edge sheet bays to ensure that fallure
would teke rlace alsng the stringer rather than along

the edge of the panel. _The panels were rlveted with

{%~inch rivets pltched E inch along one long edge to &

fixture attechod to a rlzid sbutment. The other long

edze was riveted to & heavy loadinz bsr. A longltudlnal
load epplied to the loading bar nroduced essentlally

pure shear in tre test panel. The loead was a9wnllied by
meens of e hydraullce jeck accurete to better thon 1 percent.
Thickness nmeasuremants on the sheet wers accurate to

ebout 0.0C02 Inch.

Elsctric strsin gases (Baldwin-Southwerk Sn-h) were
apnlied to sozcimens 5 to 11 end to specimen 16 in order
to obteln soma informetion ebout the unifo"mity of the
lengthwise strain distribution. The geges wsre evnlled
iIn peirs on opnosits cidsy of the sheet. The axes of
the geges were at [i5© to the axes of the specimens and
were approximately naerellel to the dlagonal-tenslon folds,
No attempt was mede to measurs shsar stresses by meens
af rosettes bocauss tests have dsmonstrated thet 1t 1s
Impossible at present to evaluate with sufflclent accuracy
strain readlngs taksn.across severe buckles such as
dlegonel~tension folde.

Counon tests.- The ultimate tensile strengths of
the shesls were obtalned by tests on standard tensile
coupons cut parallel to the grein. In additlon, special
tenslle tosts were made thret are baliaved to offer more
promlse thsn the standard tests for correlating coupon
tests with tests on a complete astructure. (Ses referencs 3.)
These speclal tests were made on strips having parallel
sldes,wlith the width erbitrarily chosen =qusl to the rivet
pltch of the test panels, end having a hole in the center
of the same slze as the rivet holes along the stringers
of the test panels. On one set of speclmons the holes
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were open; on & duplicate set the holes were filled with
rivets. The speclal specimens were cut at h5° to the
grain, becsuse the sheet in the test pamels 1is iIn a
conditlion evproecnirnig pure dlsgonal tenslicn when fallure
1s imminent. The averaze ultinmats tenslle strengths

of the coupons, based on the net areas, wera s follows:

Stendard s»ecimens
0,0ZO-iI:Ch El"_SBE.. 1‘:51 a @ s o " e s e . o e T
0.0L0~tnch shest, ¥ . . &« &« v ¢ &« o o « - 7T
Perforasted smcelumens, holes on.oen
0.020~inch cheet, 51 . « &« ¢+ o 4o o = &« « o b
0.040-1richh shest, KSL o « o o o o « « « « o 6
Perforated aoeclmones, holes fillad
0.020-1irch sheet, K31 . « o « o« « =+ « « « » b
n.00-tnch sheet, ¥31 . ¢ ¢ ¢« v - 4 . .. . b

ATATYSTS OF TEST 3ESULTS

Goncerel remar:s.- The results of the strenzth tests
are giver, In teble 2, and the resalts of th3 straln
moAasuraments are pslven inrn figure 3. 20 ultinete shesr
stress Tyt elvon in tebls 2 13 the ultlwmate load Pylt

divided by the n3t crosc-gecticnel ersa. This stress l1s
only nominally & shesr strasz, bazause tle shcet ia
actually in & highiy daveloned state of disesgonal tension
when fallure trkss place.

In a number of psnels, crecks devzlopsd at losds
avereaging about 5 rercent less than ths ultimsete loads.,
Thie differencos betwean the loeds for the first crack
annd ths ultimate loeds were about 2 vercont for the basic
panels with stesl stringers eand avout 7 percent for the
basic vanels with aluninum-~sglloy stringors; the dlffecrznces
for the stiflened and the rsinforcoud -~enels fell betweoan
thess vealuss. In the b9sic »nurels, tno first cracks
alwoys nccurred at ths cornars of the cut-cuts; in the
other nsmels, ths firat cracxkxs app3ersd zrywshero 1n the
stiffenad or reinforced reglon. Inasuuch ss the dutectlion
of tha filrst crect lg difficuit bocause the stringe>» may
hide tho crack, ths data on crsecklng wero not couslderod
suf'Ticlent to werrasnt vory dof'inlte conciusions, end the
discusslen is thevofcrs confincd to ultimats loads.
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Basle panels.~ An attempt was made to correlate the
.tests of the baslc panels (no stiffening or reinforcement)
by means of the formula end-method- given in reference 1.

The curve of effectlve shear modulus agalnst stress given
In refarence 1 was assumed to be valld, and trlal-snd-error
calculations were made with essumed ultimats shear stresses.
The correlatlon was poor, which was not surprising in view
of the numerous uncertalnties ettending these calculations.

The calculatlions indicated stress-concentration
factors ranging from 1.3 to 1.8. Inspection of the strain-
gage deta (fig. 3) indiceted that stress-concentration
factors as high as 1.3 did not exist. The experimental
curves shown In figure 3 In e nunber of ceses feil to
agres even quelltatively with the theoreticsl curves.
Instead of chowilng maximum stresses at thas cut-out, these
curves show mexlioum strcssss located some distance away
frem the cit-out in soms panels and essentially uniform
distribubloa in other oarela. Thu two halvez of the panel
In so.e ceses showed marked diffarcnecas In the strain
distributicn.

A pecullarlty wortn mentloning 1s exhlbited by the
streinsg measvred in nenuvl 16 nesr the cut-out (dashed lines,
fig. 3)e On eithosr side of the cul-out, the second gage
shows mucn lewer wtreoine than ths first or the third gage.
Pancl 1o wez the v-nel with the anxilliary stidnger (seod
fir, 2{cj); tre flrst ana ths thiru ga:ie staticns wers
locstad ¢ one slde ef the aurxlililary stringsr, the secsnd
gagne steiion to the othur sidz, but ther: 15 no anperent
reason Wiy this disTersnce in leczastlon shculd cauae suzh

a nergsd aifierence iIn sirailn.

Bacrusa of the wlde édlveargences in the shapes of the
curves (fig. 3), 1t spocersd Justitlablo to roplsco the
thuery of reference 1 by the simplilylnx essuption that
tho shear strses ls dlstributed wniformnly over thuy entire
length of thy pensl whon fallure s iaminent. It mey be
expectod trner a anifcrm distribtutlon wlll be approached
nmoru and mores closdly as the stralne Inercesss; rmd in
panel 6, which had the aighzst strnins mcesur.d, the dlatri-
butien 1s 1Indeed remerikably uniforme. Thaic uniformlity 1s
also evident visuelly from the unii’orm depth of the buckles
salong the entire longth of tho pencls after feilure (fig. k).

If the assumption of uniform distrlibution of the
shoar strcsses 1s velld, the nltimate shecsr stresses glven
In teblo 2 should comparce dircctly with the sllowable
sheer stress. For o shect wlth a well-dsveloped
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dlsgenal-tenslon field, the allowable sheer stress 1s a
little over one-half of the allowable tensile stress
(reference 3). If the coupon testszs of the perforatsd
tenslle specimens with holes flllsd ere used as a beasis,
and these tossts secm the rost ratlionel cholce, one-helf
of the allowable tensile ctress 1sc Z2.1 uUsi (average of
both tanlcknesses). The sverapge shesr stress developed
by test penels 1 to 9 and 11 1s 35.7 ks! which iIs about
5 percent higner then the allcweble value. Only one
test penel (pnenel 7) duvelooad en ultimate shesr stress
slightly lows:r thern the ellowstle veluz. It mey be
concluded, thorefo.'e, that tha lengthwlse distribution
of the ultimete shorr stress was eczentlally uniform

in all test persls regordless of lsngtih of cut-out, size
of stringer, or thickness ol shest.

Panels with stiffenireg In criticel beys.- Ths
effectlveneis of t-ie varlious methone or stiifening the
critical chsnat bays was evaluected by noting the gain in
ultimate shear stress over the stress developed bty the
corresmonding kesic s»necimens. The percentage galn Is
shown in tebie 2. The stlfiener nintes (pansls 13
and 15) end the suxillary stringe=ns (psnel lo) efizcted
galrs of 1 to % »ercent; thsse difforsncce sre within
the experimsntel scettar sand cocnseqguentbly sre of 1littls
resl signlficance. Tha gelns effectsd by tho trensvsrse
stiffenuvr eagles (penols 12 and 1) were € to € pecrcent.
The amount of stilfenine used, hovwsver, would be
consldored excessivs In nprectica, inssmuch as th3s angles
wore pleced go close that they almost touchad esch other,
It seems probabls thet mores ressonsble smounts of
stiffening would shew geins of this order of only 2 to
i percent. 3Somewnest lerger geins misht bz effectad in
practlce 1f the feflurs wers not csausad by tearing of
the shoet, 83 1n these peansl tests, but by the rivets
pullin;y through tho shsst; when failurs cccurs by rivsets
pullin:: through the shzet , the -otentirl strength of
the material is obviously not bsing utilizzd ard
appreclable galns fre conssqguently ncsslbls. If the
strength of the material 1= xircedy fuliy utilizsd in
diagonal tension, geins cen be made by reducing tho
developrent of thz dissonal-tension buckles to take
adventage of ths highzr nlloweblc strassz In s less
comnlutely doveloped disgonsl-tension fileld (rsfereccs 3),
but these gains will bo only mecdcereates.

Panols with reinforcements in critical bavs.- The
test manels having reliniorced shsut bays were rst
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enalyzed on the essumptlon that the stress was umiformly
distributed over the entlre ret &area (including that of
the réinforcements?). ~The ultimete -stresses calculated ca
this assumption were found to be appreclably lower thean
theoae found for the basic specimens. If the ultimate
stress develcped In a relnforced panel is assumed equel
to that doveloped In a panel wlthout reinforcement,
efficlency factors may be calculatad fcr tlie doabler
pletes. These efflicicncies sre given in table 2 and &are
notad to very wldely. The number of tests was tco small,
however, to establlsh the resasons for the variatlons.

SUGGE3TED DESIGN PROCZEDURE

The results of +the tests aonear to justlfy the
assumption thet the shesr streas In a sheet bay with a
cut-out 1s unifornly distributsd over & considsrable
length of the ztructure, »rovidad tho provortions of the
actual structure do not deviats too much from tho
proportions of the tast pan:sis. Ths lungth over which
the sheer stress 1s considered to ba uniformly distributed,
whlch mey be tsrmcd the distribution length, denends on
all the parmmetors lavolvad.

fener9i krowledgo cf stresa-dlstribution problems
amd erwerience with these pHroblorms indicete that tl.e most
lmoortont singls item determining the distribution
lengtih is the wlidth of the cut-out. The tasts 1indicate
that the distribution iength on each z3lde of the cut-out
1s equal to at least 11 times the width of the cut-out.
In order to cbtain a conssrvatlive design rule, 1t 1s
thersfore suggested thnt the distribution length be
assuned equai to 10 times the width of the cut-out unless
the actusl length is lere, Ir which case the distribution
longth should be teken as equal to the actumrl length.
Full allowance should be made for the presence of the
rivet holes alonz the stringers. The allowable shear
stress should bs teken es one-hsalf of the ultimate tensile
stress of the materiel at 45° to the grein ana snould be
reduced to account for the stress-concentratlion effect
of the rivet holes (sbout 10 percent for 2S-T aluminum
alloy). Until more test evidence 1s availabie, reinforcing
doubler plates should not be &assumed to Lave mora than
320 percent efficiency 1f these pletes extend cnly to the
stringers boundling the cut-out or 70 percent if they oxtend
to the adjacent stringers. (See table 2.)
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The sugzested deslign procedure should be somewhat
conservetlive orovided the proportione do not differ too
greatly from those of the test panels and provlided the
detell design is such that fallure 1s caused by tearing
of the sheet. A complete deslgn procedure would include
conslderations of the compressive o tensile strength of
the stringers nesr the cut-out, of the %o0sslibility of
the rivets pulling through the sheet, of latersal bending
in the stringers along the edze of the cut-out ceusad by
dlagonal tensior in the adjoinling baye, and of local
weaknesses caused by discontinuitiss, for example, when
the trensverse ribs srs Intercostel.

COHCLUSIONS

Results of cshesr tests of skin-stiffener psnels with
insvectlon cut-outs are belleved to justify the following
conclusions:

l. VWken a skin-stiffener pocnel with an lnspectlon
cut=out anprosches its ultlimste strongth urder shear
lceding, the sheer stress In the interruosted sheet bay
eapproeches uniform distributlon over a conslderable
distanca.

2. The efficlency of doubler pletes is low.
Langley Memcrial Aeronautlcal Leboratory

Ketional Alvisory Commlittes for asronsutlces
Langley Fielid, Va.
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[Iidth of out-out, 3.188 inches for all panels.

TABLE 1.~ TEST PAMELS

J MTIORAL /DV0RY

*ON WYV VOVN

of sheet

For other dimesnsions of basic pmels,see figure 1 COSNTTEE FOR AEROWAUTIC
Stringer
Panel Type Thickness | Katerial Cross= Length of Net oross-
of sectional cut-out sectional Remarks
( See ) sheet area area
(a) fig, 1. {in.) (sq in.) {in.) (sq in,)
) Basic pmnels
1 1 0.0208 T 0.08 18 1.0
2 1 0214 -7 .ogx' 18 1.
E 2 021 -T ,03 1 . g
H 0202 T 0 1 .92
2 2 "0208 Stesl &7 2 15 -92% :
7 2 .0208 Steel 4500 7& 1.061 _ :
8 2 .020 Stesl k500 z 1. Edge bays reinforced by doubler plates’
9 2 .02 Steel . gso No cut-out 1..!|ﬂ to ensure failure along stringer
10 2 .00 2is-r 0792 1 1.8
11 2 ol;oa Steel .%gs 1; 1.81";'
Pamels with stiffening in eritical bays
12(e) 1 0.0208 2is-T 0.0833 18 1. Transverse stiffener les
13(b) 1 .02 2h3-1 .0831 18 1.322 Stiffener plate e
(a 2 .02 2lis-7 .0958 15 «955 Transverse stiffener angles ,
1 (bz 2 0212 -T .0858 15 352 Stiffener plate .
16(e 2 .0205 -7 .08 15 . Muxilisry stringer
Panels with relnforcementa in critical bays
17(4) 1 0.021l 2hs-T 0.0857 18 1.622 Small doubler plate on-both sides
. of sheet
18(4a) 2 .0212 2hs-1 .0358 15 1.208 s--}l doubler plate on cne side
of sheet
19(e) 2 .0213 2hs-T .0350 15 1.283 Large doubler plate on one side

S etters In psrentheses refer to correspording stiffeners and reinforcements shown in figure 2.

BI 0091

o1
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TABILE 2.-.TEST RESUITS

Panel Pult Tyult Gein over Efficlency of

basic doubler plsete
(a) (kios) (ksi) (percent) ! (percent)

Basic penels

1 38.5 4.5
2 36.2 35-%
E 52-3 33.
31. 32.8
2 21.2 33.8
31.8 7h.2
(| g | 4
Q. .
9 Lo.8 2.5
10 26.7 bz1.2
11 3.5 2.9
Panels with stiffening in critical bays
TZE‘"} 29.8 | 27.6 [ 9
13(b 7.5 Zh.1 2
1(a) 23.6 32.2 3
15(b) 32.5 2.0 1
16(c) 22.0 | z&.7 3 ] .
Panels wlth rsinforcements in criticel beays
(17(a) L3.1 | 256.6 | 2]
18(d) 3o.g 28.8 I 60
19(e) 29. 31.0 | 73

8jetters in narentheses refer to corresnonding
stiffeners and reinforcements chcwan in filgure 2.

bpremeture failure (collapse of stiffener engle at
unper end of penel).

NATICNAL ADVISORY
COMMITTEE POR AERONAUTICS
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Figure 2-Diagrams showing stiffening and
reinforcement of critical bay.
(Note that cross sections are double size.)
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Front view.
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of type 2 after failure.

Figure 4.~ Test panels
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